HCV displays considerable levels of nucleotide and amino acid diversity. Recently, the relevance of natural polymorphisms in worldwide isolates has been addressed in view of future protease inhibitor (PI)-based treatments; genotype-and subtype-specific natural polymorphisms within HCV NS3 protease were identified at amino acid sites associated either with resistance to PIs or with compensatory mutations. Here, we describe a case of chronic infection with HCV of genotype 3 subtype h (HCV-3h), formerly only described from three patients originating from Somalia, and we provide the first NS3 protease sequence for such strains. NS3 protease sequences of HCV-3h recovered in the present study harbour specific amino acid residues not encountered in other reference HCV genotypes and subtypes at nine of the 181 NS3 protease positions; none of these amino acids are known to confer resistance to PIs. Of note, 5′ untranslated region sequence-based genotyping classifies them into genotype 1.
Seven HCV genotypes and >80 subtypes have been described so far. The prevalence of these genotypes vary according to the geographical area and the number of subtypes within HCV genotypes is still expanding [1, 2] . In an interesting article published in Antiviral Therapy, López-Labrador et al. [3] addressed the issue of relevance of natural polymorphisms in worldwide HCV isolates in view of future protease inhibitor (PI)-based treatments. In this work and in another study [3, 4] , genotype-and subtype-specific natural polymorphisms within the HCV NS3 protease were identified at amino acid sites associated either with resistance to PIs or with compensatory mutations. We describe here the first NS3 protease sequence for HCV of genotype 3 subtype h (HCV-3h), formerly only identified based on other regions of the HCV genome from three patients originating from Somalia [5, 6] . We recovered this HCV RNA from the serum of an HIV-negative 64-year-old woman chronically infected with HCV, originating from the Republic of Djibouti. In 2009, her HCV RNA level was 1,188 IU/ml and her alanine aminotransferase levels were between 54 and 86 IU/l. Liver stiffness measured by transient elastography was 33 kPa, indicating fibrosis at stage of cirrhosis. HCV genotyping was performed based on phylogenetic analysis of nucleotide sequences corresponding to a partial region of the NS5b polymerase gene, which is the strategy used in first-line routine clinical practice in our laboratory [7] . The HCV NS5b sequence recovered from the patient serum (GenBank accession number HMM441245) was classified as HCV-3h by incorporating into the phylogenetic analysis 10 sequences corresponding to its BLAST hits with the highest scores found in the NCBI GenBank sequence database ( Figure 1A) . Indeed, nucleotide identity with the best BLAST hit found in our local HCV sequence database, a sequence classified subtype a of genotype 3, was only 71%. By contrast, nucleotide identity was 94% with the best BLAST hit found in the GenBank sequence database (accession number AF279120), a sequence classified as HCV-3h. Later on, HCV NS3 protease sequences (accession numbers HMM441238 and HMM441239-HMM441245) could also be recovered from the patient's serum by direct and clonal sequencing, as previously described [8] . The best BLAST hits found for these sequences in the GenBank sequence database (accession number GQ356204) and our local Nucleotide sequences corresponding to the full-length NS3 protease coding gene. Phylogenetic analysis included HCV sequences recovered in the present study (indicated by a black frame; GenBank accession numbers HMM441238-HMM441245) and sequences corresponding to the hits with the highest BLAST scores to these sequences found in the NCBI GenBank database (indicated by a black background and a white font) and our local viral hepatitis sequence database (Timone hospital, Marseille, France; indicated by a grey background), and also from the genotype reference panel of the Los Alamos HCV sequence database (the names of these sequences are formatted as Ref_Genotype/ subtype_GenBank accession number). For the HCV NS3 protease gene, clonal sequencing was performed in the present study as previously described [10] , and six clonal sequences and the sequence recovered by direct sequencing were analysed concomitantly. Nucleotide alignments were performed using MUSCLE [16] and trees were built using the MEGA version 4.0 software [17] with the neighbour-joining method. Bootstrap values are indicated when >50% of 1,000 resamplings of the data. HCV sequence of genotype 7 was used as an outgroup. Scale bar indicates number of nucleotide substitutions per site. 
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HCV sequence database showed only 73% and 71% nucleotide identity, respectively, and they were classified as genotype 3 subtype a. Moreover, phylogenetic analysis showed that HCV NS3 protease sequences recovered in the present study were clustered separately from the HCV genotype 3 reference sequences and from their 10 best BLAST hits found in the GenBank sequence database as well as our local sequence database ( Figure 1B) . Finally, a sequence corresponding to the 5′ untranslated (UTR) region of the HCV genome was recovered from the patient's serum (accession number HMM441246). It showed 98% identity at the nucleotide level with the sequence corresponding to its best BLAST hit in the GenBank sequence database (accession number AY766624) and 96% identity with its best BLAST hit in our local HCV sequence database; these two best hits were classified genotype 1 subtype b. Nevertheless, nucleotide identity was 99% with HCV 5′ UTR sequences found in the GenBank sequence database and previously classified HCV-3h [5, 6] , but nucleotide query coverage was only 89-91% compared with 100% for sequences with the highest BLAST score and classified genotype 1 subtype b.
HCV genotype 3 are classically associated with high rates of sustained virological response to the standard-of-care pegylated interferon-α and ribavirin combination therapy [9] . However, they also appear to exhibit high clinical resistance to the newly available HCV NS3 PIs [10] . This may be related to the natural presence in the NS3 protease of these viruses of amino acid residues conferring decreased sensitivity to PIs or the presence of different amino acids at positions that are crucial for PIs resistance, in particular amino acids 36L and 168Q [3, 11, 12] . The analysis of the amino acid pattern of HCV-3h NS3 protease recovered in the present study shows some similarities with that of other HCV genotype 3 subtypes, in particular regarding the presence of 36L and 168Q [3, 4] (Figure 2 and Additional file 1). However, it also underscores the high diversity of this protein, including at the subtype level. Indeed, HCV-3h NS3 protease presents specific amino acid residues at 9 of the 181 protein positions that are not encountered in HCV sequences from the genotypes and subtypes reference panel of the Los Alamos HCV sequence database, including in other subtypes of genotype 3. None of these HCV-3h amino acids are known to confer resistance to PIs. Nonetheless, one of them is located at position 71, which has been suspected to harbour a compensatory mutation in PI-resistant HCV NS3 proteases [3, 13] . Besides, amino acid residue 155R is encoded by codon CGT, which means that two nucleotide substitutions may be required for the selection of R155K, a PI resistance major mutation, instead of one nucleotide exchange for other genotype 3 HCV or for HCV-1a [10, 8] . Finally, it may be questioned The full-length NS3 protease nucleotide sequence (GenBank accession number HMM441238; 543 nucleotides) recovered from the present study was translated into amino acids and then aligned with HCV genotype 3 amino acid sequences from the genotype reference panel of the Los Alamos HCV sequence database [2] . The amino acid sequence for the reference genotype HCV-1a is also provided as a comparison. In the amino acid sequence accession number HMM441238, amino acid residues indicated by a black background are those that differ in other reference genomes (see also Additional file 1), whereas amino acid residues indicated by a grey background are those that differ in other genotype 3 reference genomes. The sequence recovered by direct sequencing in the present study is indicated with an asterisk. Ref, genotype reference HCV sequence.
whether the prevalence of such strains could have been underestimated. Indeed, 5′ UTR sequence-based genotyping, which is the most commonly performed in virology laboratories worldwide [14] , classifies them into genotype 1, which is the most common genotype worldwide. This finding is in agreement with previous studies that have described cases of inaccurate HCV classification based on 5′ UTR sequences [7, 15] .
